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■ ABSTRACT 

Oh; 

Q . Context. Measurements of lithium (Li) abundances in open clusters provide a unique tool for following the evolution of this element with age, 
5— i metallicity, and stellar mass. In spite of the plethora of Li data already available, the behavior of Li in solar-type stars has so far been poorly 
C/3 | understood. 

d . Aims. Using FLAMES/Giraffe on the VLT, we obtained spectra of 157 candidate members of the old, metal-poor cluster Berkeley 32, to 
determine membership and to study the Li behavior of confirmed members. 
I , Methods. Radial velocities were measured, allowing us to derive both the cluster velocity and membership information for the sample stars. 

■ The Li abundances were obtained from the equivalent width of the Li i 670.8 nm feature, using curves of growth. 

QiQ Results. We obtained an average radial velocity of 105.2 + 0.86 km/s, and 53 % of the stars have a radial velocity consistent with membership, 
"xj- The Li - T cff distribution of unevolved members matches the upper envelope of M 67, as well as that of the slightly older and more metal-rich 
OS ' NGC 188. No major dispersion in Li is detected. When considering the Li distribution as a function of mass, however, Be 32 members with 
' solar-like temperature are less massive and less Li-depleted than their counterparts in the other clusters. The mean Li of stars in the temperature 
. interval 5750 < T cff < 6050 K is log n(Li)=2.47 ± 0. 16, less than a factor of two below the average Li of the 600 Myr old Hyades, and slightly 
f^**) ' above the average of intermediate age (1-2 Gyr) clusters, the upper envelope of M67, and NGC 188. This value is comparable to or slightly 
^\ , higher than the plateau of Pop. n stars. The similarity of the average Li abundance of clusters of different age and metallicity, along with its 

■ closeness to the halo dwarf plateau, is very intriguing and suggests that, whatever the initial Li abundance and the Li depletion histories, old 
k/ ' stars converge to almost the same final Li abundance. 



*-j Key words. Stars: abundances - Stars: evolution - Stars: interiors - Open Clusters and Associations: Individual: Berkeley 32 



1. Introduction 

Despite its low abundance (N(Li)/N(H) < 2 x 10~ 9 ), lithium 
(Li) plays a fundamental role in different fields of astrophysics 
because of how it is created and destroyed. The 7 Li isotope is 
the heaviest element produced during Big Bang nucleosynthe- 
sis (BBN), and its primordial abundance strongly depends on 
j], the ratio of baryons to photons (e.g., Steigman 2006 and ref- 
erences therein). At the same time, Li is easily depleted from 
stellar atmospheres: 7 Li is destroyed by proton reactions at the 
relatively low temperature of ~ 2.5 MK, implying depletion 
with respect to the initial content whenever a mixing process 
is present that is able to transport surface material down to the 
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deeper regions in the stellar interior where this temperature is 
reached. 

Primordial Li abundance has been empirically estimated by 
means of Li measurements in old Pop. n stars and, theoretically, 
using BBN calculations combined with the baryon density de- 
rived from measurements of the cosmic microwave background 
temperature fluctuations. The reliability of the latter has dra- 
matically improved after data from the WMAP satellite became 
available (Cyburt et al. [20031 Spergel et al. 120071) . Estimates 
from old stars rely on the assumption that the hot (T e ff > 5800 
K), metal poor, Pop. n dwarfs do not deplete Li in their at- 
mosphere, hence represent the primordial material from which 
they were born. The confidence on this assumption is based on 
the near constancy of their Li abundance with metallicity, first 
discovered by Spite & Spite (119821) and generally referred to 
as the Spite plateau. Primordial Li abundance predicted from 
standard BBN calculations with WMAP is a factor of two to 
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three higher than that of the Spite plateau, which might indi- 
cate that halo stars have indeed undergone some Li depletion, 
possibly due to microscopic diffusion, as recently claimed by 
Korn et al. (2006 2007). Only through a full understanding of 
mixing inside stars and its dependence on metallicity will we 
be able to reach a conclusion with complete confidence. 

To achieve that, studies in Pop. i stars, and in particular 
among open cluster members, are the most suitable observa- 
tion tool. Lithium (and beryllium) measurements in Galactic 
open clusters (OCs) indeed allow us to empirically trace Li de- 
pletion with age, metallicity, and mass. Focusing on solar-type 
stars, standard models of stellar evolution (those including con- 
vection only) predict that these stars should not suffer any Li 
depletion during the main sequence (MS), since their convec- 
tive zone does not reach the Li burning layer. Surveys of Li in 
a variety of OCs and, in particular, the comparison of the Li 
patterns of OCs of different age, have shown that, at variance 
with these predictions, solar-type stars do deplete Li on the MS. 
Depletion starts at ~ 100 Myr and smoothly goes on up to the 
Hyades age, on a timescale of ~ 1.4 Gyr. After that age de- 
pletion becomes bimodal: it is very fast for a fraction of stars, 
like the Sun itself, and the lower envelope of M 67 (Pasquini 
et al. |1997l and references therein), while depletion completely 
stops after ~ 1 Gyr for a significant fraction of stars (Sestito 
& Randich 120051 Prisinzano & Randich 2007) In particular, 
Randich et al. (2003 -RSP03 hereafter) have shown that mem- 
bers of the old (6-8 Gyr) OC NGC 188 have a Li abundance 
only a factor of two smaller than their counterparts in the fac- 
tor of 10 younger Hyades; moreover, the average value of Li in 
NGC 188 is surprisingly close to what is measured in Pop. n 
stars. This open cluster has a solar metallicity and, as discussed 
by RSP03, this result might be a mere coincidence; however, 
the issue is obviously worth further studies. It might indeed 
represent a link between Pop. i and Pop. n. Li depletion histo- 
ries and provide a clue to understand whether the latter have 
undergone Li depletion. Investigating Li in additional very old 
OCs is thus very important. 

It is worth mentioning that, to explain the unexpected Li 
depletion during the MS, several non-standard processes were 
included in the models. The proposed mechanisms include 
diffusion (Michaud 119861 Michaud et al. 2004; Chaboyer et 
al. [1995), meridional circulation (Charbonnel & Talon 1999 
and references therein), angular momentum loss and rota- 
tionally driven mixing (Eddington 1925; Zahn 1974, 1992; 
Deliyannis & Pinsonneault 1997), gravity waves (Garcia Lopez 
& Spruit 1991; Montalban & Schatzmann 2000), tachocline 
(Spergel & Zahn 1992; Bran et al. 1999; Piau et al. 2003), 
and combinations of waves and rotation (Charbonnel & 
Talon 2005; Talon 2008). Each of these models makes spe- 
cific predictions on the timescales of Li depletion which can 
be compared with observational patterns. 

We present here Li observations in a very large sample of 
members of Berkeley 32. This open cluster is one of the old- 
est in the Galaxy (5 Gyr -e.g. D' Orazi et al. 2006) and its 
metallicity is a factor of two below solar (Sestito et al.[2006); 
therefore, it provides an ideal sample to further investigate the 
issue of the convergence of Li at old ages. 
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Fig. 1. V vs. V-I diagram of Be 32 with FLAMES targets 
shown as filled symbols. The whole catalog was constructed 
using Richtler & Sagar (2000) photometry. We show in the fig- 
ure only stars brighter than V=2 1 . 



The paper is organized as follows. In Sect. 2 we describe 
the sample, the observations, and data reduction. Data analysis 
and the results are presented in Sects. 3 and 4. A discussion is 
provided in Sect. 5, followed by conclusions in Sect. 6. 



2. Sample and observations 

The observations were obtained with VLT/FLAMES. 
Specifically, we used the fiber link to UVES to acquire spectra 
of evolved stars (RGB and clump stars) to be used for the 
determination of the cluster chemical compositions (Sestito et 
al. 120061 Bragaglia et al. 2008), while the Giraffe spectrograph 
and Medusa fiber system were employed to observe MS and/or 
turn-off (TO) cluster candidates as well as a few subgiants, in 
order to derive membership and information on Li. 



2.1. Targets 

Photometric surveys of Be 32 have been performed by Kaluzny 
& Mazur ( fT99TT l, Richtler & Sagar ( EUOOl Hasegawa et al. 
(120041) . and D' Orazi et al. d2006l . A re-analysis of D' Orazi 
et al. photometry was performed by Tosi et al.(2007). All 
these studies agree on a cluster age of 5-6 Gyr, on a subso- 
lar metallicity, and on a reddening E(B-V) in the range 0.08 
- 0.16, with a most likely value of 0.1-0.12 (see discussion 
in Tosi et al.). Based on UVES spectra of nine cluster mem- 
bers Sestito et a. (2006) derived for the cluster a metallicity 
[Fe/H]=-0.29 + 0.04. So far no spectroscopic studies of MS 
stars have been performed and membership is based only on 
photometric criteria. We selected Giraffe target stars from the 
catalogs of Kaluzny & Mazur ( 11991) and Richtler & Sagar 
(2000), since the study of D'Orazi et al. was still in prepara- 
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Fig. 2. Sample spectra in the Li region. The position of the Li line is marked. 



tion at the time of the observations. The V - V-I diagram of 
the target stars is displayed in Fig.Q]which shows that the sam- 
ple includes stars from the cluster subgiant branch and turn-off 
(TO) (V ~ 16) down to V=18. As mentioned, membership for 
these candidates so far has been based only on photometry. One 
of the purposes of this study is a more reliable determination of 
membership via radial velocity measurements. 

2.2. Observations and data reduction 

Be 32 was observed with two different FLAMES configura- 
tions (A and B) centered at RA(2000)=06h 58m 04.2s and 
DEC(2000)=-06d 28m 21.1s and RA(2000)=06h 58m 02.0s 
and DEC(2000)=-06d 22m 41.4s, respectively. We obtained 
four and one 3600 s long exposures for configurations A and 
B, respectively. Observations were obtained in Visitor mode on 
Jan. 20, 2005 (configuration A) and Jan. 21, 2005 (configura- 
tion B). Medusa fibers were allocated to 112 and 108 objects 
in the two configurations, with 63 stars in common. In total we 
thus obtained spectra of 157 cluster candidates. In both config- 



urations 15 fibers were put on the sky. Stars covered by con- 
figurations A and B were observed for a total of 4 and 1 hrs, 
respectively, while the 63 stars in common were observed for 
5 hrs. Target stars, together with their photometry, are listed in 
TableQ] In the table we list our running ID (Col. 1), coordinates 
from Kaluzny & Mazur ( 1991 ) if the star is present in their cat- 
alog otherwise from Richtler & Sagar (2000]-Cols. 2-3); pho- 
tometry from D' Orazi et al. (2006]-Cols. 4-7); V magnitude 
from Kaluzny & Mazur (119911 ) if the star is present in their 
catalog otherwise from Richtler & Sagar (2000 -Col. 8); B-V 
from Kaluzny & Mazur (Col. 9); V-I from Richtler & Sagar 
(Col. 10); radial velocity and membership flag (Cols. 11-12). 
Giraffe was used in conjunction with the 316 lines/mm grating 
and order- sorting filter 15 (H15N) yielding a nominal resolv- 
ing power R= 1 7000 and covering a spectral interval from 644.2 
to 681.8 nm, including the Li i 670.8 nm line and several fea- 
tures to be used for radial velocity measurements. 

Data reduction was performed using the Giraffe BLDRS 
pipelinfl following the standard procedure and steps (Blecha 
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Fig. 3. Density distribution of radial velocities for the 153 stars 
for which we could get a measurement. The two Gaussians 
(solid curves) indicate the best fits for the cluster and field, re- 
spectively. The average velocities along with 1 cr dispersion are 
indicated. 
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et al. 2004). Sky subtraction was carried out separately; namely, 
we first computed the average sky (sky av ) of three sets of five 
sky spectra and then derived the median of the three sky av . 
Radial velocities (RV) were derived from each single spectrum 
(see below). Spectra of stars that were not found to be RV vari- 
ables were then co-added. Examples of final, sky-subtracted 
spectra are shown in Fig. [2] Final S/N range between 20 and 
85, with an average value of ~ 50. 

3. Analysis 

3.1. Radial velocities 

Radial velocities were obtained from our spectra and used to 
derive membership information for the sample stars. The 645 
- 682 nm region contains a large number of unblended lines 
(mainly Fe, Ca, Ti, and Ni) of various strengths suitable for ac- 
curate RV measurements. The individual lines used for the RV 
computation are listed in Table [2] The data analysis was per- 
formed by standard procedures within the IRAF packagfl fit- 
ting the strongest lines present in each spectrum by a Gaussian 
profile. The resulting RVs from the individual lines were aver- 
aged, and heliocentric corrections applied. Normally less than 
ten lines per spectrum allowed us to obtain an RV value with 
an error of about 2 km/s; RV values of spectra referring to the 
same star were then averaged for stars in configuration A hav- 
ing multiple exposures. Final radial velocities with their errors 
are given in Col. 9 of Table [TJ For stars with multiple RV mea- 
surements, the error is the standard deviation from the average 
RV, while for stars in configuration B the error is the uncer- 
tainty in the RV measurement itself. 



2 IRAF is distributed by the National Optical Astronomical 
Observatories, which are operated by the Association of Universities 
for Research in Astronomy, under contract with the National Science 
Foundation. 



3.2. Li abundances 

Lithium abundances were derived by measuring the equiva- 
lent width (EW) of the Li I line at 670.8 nm. Measurements 
were performed by direct integration below the continuum. For 
stars with detected Li, each measurement was performed twice, 
meaning we determined the maximum and minimum reason- 
able values. We then adopted the average between these two 
last values as EW measurement, and we used half of the differ- 
ence between them as the error estimate on EW. In some RV 
members, the Li line could not be detected and we measured 
its upper limit, which was estimated as the EW of the small- 
est detectable feature in the Li spectral region. We measured 
the Li line in both radial velocity members and non-members. 
Whereas for most radial velocity members we detected the Li 
line, for six and 19 stars in fields A and B the S/N was too low 
to even infer a meaningful upper limit. We mention in passing 
that these stars are not necessarily fainter than those where the 
Li line was measurable. Lithium was also detected in 27 RV 
non-members. 

Effective temperatures were determined on the basis of 
published photometry (Richtler & Sagar 2000; D'Orazi et al. 
2006) and using the color versus temperature calibrations by 
Alonso et al. ( 1 19961 -for MS stars, 1 19991 -for evolved stars). 
When available, we used the photometry of D'Orazi et al., 
while we took colors from Richtler & Sagar for stars not in- 
cluded in the study of D' Orazi et al. As shown by Tosi et 
al. ([2007), the agreement between the two photometries is very 
good for most stars in the magnitude range considered here. 
More specifically, we used B-V colors from D' Orazi et al. 
(2006) for 45 stars out of the 47 for which they were available. 
Stars #364 and #1241 have B-V colors from D'Orazi et al., but 
that of the former star is too red compared to the V-I, while B- 
V of the latter is much bluer than the cluster sequence on the 
CM diagram; therefore we did not use B-V from D'Orazi et al. 
We employed B-V of Kaluzny & Mazur ( 119911 ) for two stars 



S. Randich et al.: Membership and lithium in Be 32 



5 



not included in the study of D'Orazi et al. (#236 and #333) and 
for the aforementioned star #364. Finally, for star #1241 and for 
eight stars without available B-V we transformed V-I into B-V 
using a linear relationship that nicely fits the sequence of stars 
with both colors available. Reddening determinations towards 
Be 32 vary between E(B-V)=0.10 and 0.18 mag (see Tosi et 
al. 120071 1; we assumed the value E(B-V)= 0.14, determined by 
Bragaglia et al. (2008 ) using spectroscopic temperatures, since 
we regard it as more reliable than values obtained from main 
sequence fitting. 

To evaluate the random error that affects our temperature 
determinations, we compared effective temperatures based on 
the B-V colors of D' Orazi et al. with those estimated from 
B-V of Kaluzny & Mazur for the 32 stars studied in both refer- 
enced papers. The average AT eff =(T eff D '° razi -T eff K&M ) is -50 K 
with a standard deviation equal to 1 16 K. We adopt this value 
as the typical error on effective temperatures. 

In previous studies (see Sestito& Randich 2005), we de- 
rived effective temperatures using the calibration of Soderblom 
et al. d!993al >. Since this calibration does not have a term taking 
into account metallicity, we prefer to use Alonso's calibrations 
for Be 32, whose metallicity is below solar. Soderblom et al.'s 
calibration would have given warmer temperatures, with a typ- 
ical difference of 144 K. However, at solar metallicity the two 
scales are very similar. 

As is well known, at our resolution the Li line is blended 
with a Fe i line. To estimate the contribution of Fe to the total 
EW, we cannot use the analytical approximation of Soderblom 
et al. d!993bl l. which was derived using stars with solar metal- 
licity. We instead estimated the EW of this feature employing 
MOOG (Sneden [T973"1 -Version 2000) and the driver ewfind us- 
ing the appropriate metallicity and stellar parameters. Effective 
temperatures were derived as described above. The surface 
gravity for evolved stars was estimated in the same fashion as 
in Sestito et al. d20061 l. while for stars on the MS we assumed 
log g=4.5. Microturbulence values f = 1.1 and 1.5 km/s were 
used for unevolved and evolved stars, respectively. We found 
that for MS objects EW(Fe6707.44)=(22.5-3.3xl0- 3 xT eff ) A, 
while the EW of the Fe line was computed separately for each 
evolved star. The strength of this shallow Fe line has a very 
weak dependence on both the microturbulence £ and log g: a 
change in £ of 1 km/s results in a change in EW below 0.2 mA, 
while a change of 0.5 dex in log g results in a difference of 
~ 0.2 mA. 

The Li abundances were derived from corrected EWs us- 
ing Soderblom et al. i 1993 b) curves of growth (COGs), which 
assume local thermodynamic equilibrium (LTE). A correction 
for non-LTE effects following Carlsson et al. (1994) has also 
been run on our data, but it produces no significant changes. 
Li for evolved stars was instead derived using MOOG, which 
allows changing surface gravity and microturbulence. Using of 
a different code and method to derive Li for evolved and un- 
evolved stars introduces a small offset between the two abun- 
dance scales. By using MOOG, we would obtain slightly higher 
log n(Li) for dwarf stars, typically by 0.05-0. 1 dex. On the one 
hand, this offset does not affect our results and, in particular, 
our conclusions on dilution in more evolved stars (Figs. [5] and 
|6|; on the other hand, the use for Be 32 dwarf members of the 



same COGs employed in the literature for other OCs is critical 
to correctly draw the time evolution of Li. 

The final error on the Li abundance measurement is com- 
puted by summing quadratically the contributions from EW 
and temperature. Errors in the Fe I contribution due to errors 
in T e ff are very small, much smaller than the errors in the 
EW measurements themselves: namely, £EW(Fe I)=0.5 mA for 
5T eff =100K. 

4. Results 

4.1. Radial velocities and membership 

In Fig. [3] we show the density distribution of radial veloc- 
ities for the 153 stars for which we were able to measure 
them. The figure clearly shows a very narrow peak that indi- 
cates the presence of the cluster. To derive the average clus- 
ter radial velocity, we fitted the observed distribution with two 
Gaussians, one for the cluster and one for the field, and de- 
termined the best fit using a maximum likelihood algorithm. 
We obtained RV c i uster = 105.2 Km/s, <x c i uster = 0.86 Km/s and 
RV fi e id = 62.6 Km/s, cr^d = 32.1 Km/s, respectively. Our mea- 
surement of the RV is in good agreement with the values of 
D' Orazi et al. ( [20061 RV= 106.7+8.5 Km/s) from low- reso- 
lution spectroscopy of 48 stars brighter than the turn-off, of 
Sestito et al. d2006l RV=106+1.4 Km/s), and of Scott, Friel, & 
Janes ( 119951 106±10 Km/s) from the intermediate-resolution 
spectroscopy of 10 giants. Also, three stars in our sample have 
an RV measurement from D'Orazi et al.: #74 (their #698), #97 
(their #113), and #1090 (their #364). The agreement in RV is 
excellent for all of them. We stress that, thanks to our large 
sample, we have been able to constrain the internal dispersion 
in velocity much better than in previous studies, pushing it to 
below 1 Km/s. 

We considered all stars as cluster members with RV within 
3<t from the cluster average: adopting this criterion, 59 and 24 
stars turned out to be members in fields A and B. The total 
fraction of members is 83/153 stars, i.e., 54 %. The expected 
number of contaminants, or non members with RV consistent 
with the cluster, is 2 stars. Since our observations were ob- 
tained within the same night, we have only been able to identify 
one possible binary systems (star #1090). This system has av- 
erage velocity consistent with membership, but a double-line 
system and larger-than-average deviation around the mean. We 
have tentatively classified it as an SB2 cluster member. Most 
likely, additional unidentified binaries might be present among 
stars with RV discrepant with membership and detected Li 
line. Further follow-up is needed to confirm their membership. 
Therefore, we regard the fraction of members as a lower limit 
to the real value. The "cleaned" CM diagrams are shown in 
Fig. [4] where RV members and non-members and the SB2 bi- 
nary are denoted with different symbols. Whereas we refer to 
Tosi et al. (120071) for a detailed discussion of the analysis of 
the cluster CM diagram, we mention here that our membership 
determination has allowed us to clean the turn-off region, thus 
allowing a more solid derivation of cluster parameters, as done 
by Tosi et al. Among the subgiants we note the presence of two 
confirmed members (one in the V vs. B-V diagram) somewhat 
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Fig. 4. "Cleaned" color-magnitude diagrams. Open symbols represent all observed stars, while filled symbols denote radial 
velocity members. The crossed symbol denotes the possible SB2 binary. When available we have considered photometry from 
D'Orazi et al. (2006), while in the other cases we have considered B-V colors from Kaluzny & Mazur (119911) and V-I colors 
from Richtler & Sagar (120001 . 



fainter than the cluster sequence. We do not have any explana- 
tion for them, but suggest that they might be the two expected 
contaminants. 

4.2. Lithium abundances 

In Table[3]we list confirmed members (from Table[TJ for which 
we were able to either measure the EW of the Li line or in- 
fer a reasonable upper limit. In the table we provide IDs (same 
as in Table [TJ, dereddened B-V colors, effective temperatures, 
measured Li equivalent widths, and Li abundances. The last are 
in the usual notation log n(Li)=logN(Li)/N(H)+12. In Fig. [5^ 
we plot the V-V-I diagram of cluster members with different 
symbol sizes denoting stars with different Li contents, while 
in Fig |5]3 we show Li abundances as a function of V magni- 
tude. The figures very well illustrate the evolution of Li along 
the CM diagram. All stars on the MS and at the TO have Li 
abundances larger than log n(Li)= 2 and their present Li abun- 
dance is the result of MS depletion; on the other hand, cluster 
members slightly more evolved than TO have started diluting 
their surface Li, due to the deepening of the convective zone 
(e.g., Randich et. al. 119991) . The transition between stars that 
have and that have not undergone dilution occurs in a very nar- 
row magnitude range (see also Pasquini et al. 2004). Dilution 
progressively continues along the subgiant branch, up to a Li 
abundance ~ 1. In Fig. [6] we show the usual plot of Li abun- 
dances as a function of effective temperature for unevolved 
cluster stars (TO and MS) and compare Be 32 with the much 
younger and more metal-rich Hyades (upper panel) and with 
both the slightly younger M 67 and the slightly older cluster 



NGC 188 (lower panel). Both NGC 18 8 and M 67 OCs have 
a solar metallicity (Randich et al. 2003, 2006), and thus are a 
factor of ~ 2 more metal rich than Be 32. Lithium abundances 
for the three OCs were taken from the compilation of Sestito & 
Randich (2005 ). In that paper Li abundances had been derived 
using the same COGs and NLTE correction employed here. 

The figure shows that, at variance with the Hyades and 
M 67, but more like NGC 188, Be 32 distribution does not 
show any major trend of decreasing Li abundance with decreas- 
ing T e ff. We find average Li abundance values of log n(Li)= 
2.63 + 0.17,2.62 + 0.07, and 2.47 ± 0.16 for stars in the tem- 
perature ranges T eff > 6200 K, 6200>T eff > 6000 K, and 
T e ff<6000 K. The three average values are, within the errors, 
the same. Also, at variance with M 67, but similar to NGC 188, 
the Be 32 sample is not characterized by any significant (larger 
than errors) dispersion in Li. More specifically, Figs. [5J5 and 
[6] show that the maximum star-to-star difference for unevolved 
stars is on the order of 0.5 dex. Assuming Gaussian statistics, 
this corresponds to a lcr dispersion of ~ 0.15 dex, compara- 
ble to the average error in log n(Li). Given the large size of 
our sample, we regard the lack of a significant scatter as real 
and not due to low number statistics and conclude that the ap- 
pearance of the spread among open cluster stars is an exception 
rather than the rule, since the majority of OCs do not show it. 
Most important, whereas Hyades stars warmer than ~ 6000 K 
are somewhat more Li -rich than their Be 32 counterparts, the Li 
distributions of cooler stars are almost indistinguishable. The 
log n(Li)-T e ff of NGC 188 and Be 32 patterns are also very 
similar and close to the upper envelope of M67. In other words, 
the comparison of OCs of different ages and metallicity shows 
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Fig. 5. Panel a) V - V-I diagram of confirmed cluster members. Different symbol sizes indicate different Li abundance bins; 
namely, from the largest to the smallest ones: log n(Li)> 2.0, 2.0< log n(Li)< 1 .7, and log n(Li)< 1 .7. For 47 of the 57 stars with 
a Li measurement, we have considered photometry from D'Orazi et al. (|2O06j, while for the remaining 10 stars not included in 
the D'Orazi et al. study, we used Richtler & Sagar (2000) magnitudes and colors. Panel b): Lithium abundance -log n(Li), in the 
usual logarithmic scale where n(H)=12- as a function of V magnitude for confirmed cluster members. 



that, with the exceptions of the severely Li-depleted stars in the 
lower envelope of M 67, stars in the ~ 6000 - 5700 K T e fr range 
seem to converge to a very similar value of Li abundance. 

5. Discussion 

5.1. Pop. i plateau 

The present study allows us to make firm conclusions about 
the empirical evolution of Li abundance during the MS of stars 
with temperatures (but not necessarily masses -see next sec- 
tion) similar to the Sun. In Fig. [7] we show the mean Li abun- 
dance as a function of age for stars in the 6050-5750 temper- 
ature range. The figure was done using the data of Sestito & 
Randich (2005 ), to which we added the average Li abundance 
of the ~1 Gyr old NGC 3960 (from Prisinzano & Randich 
2007) and the average for Be 32 inferred here. As already 
discussed by Sestito & Randich, stars in this T e ft interval un- 
dergo a smooth, but continuous Li depletion during the first 
~ 600 Myr on the main sequence, on a typical timescale of 
~ 1 .4 Gyr. As already mentioned, at older ages depletion be- 
comes bimodal: it continues for a fraction of stars, while it 
stops for the majority of stars and the average log n(Li) con- 
verge to a plateau, which is quantitatively -and surprisingly- 
close to the plateau of Pop. n stars. The evidence for this 
Pop. i plateau is statistically confirmed by the inclusion in the 
sample of the Be 32, for which we derived an average abun- 
dance log n(Li)=2.47 + 0.16. This value is, slightly higher, 
but within the margins of error consistent, with that of the 
intermediate age OCs (2.33 + 0.17), the upper envelope of 
M 67 (2.25 + 0.12), and NGC 188 (2.34 + 0.14). As to the 
Pop. ii plateau, values range between a minimum of 2.10 + 0.09 



(Bonifacio et al. 120071 ) and a maximum of ~ 2.4 (Melendez & 
Ramirez 2004). The conclusion is that Pop. I stars are not nec- 
essarily heavily Li-depleted, even at very old ages. The major 
consequence is that Li cannot be used as an age indicator for 
stars older than ~ 500 Myr: a lithium abundance in the inter- 
val log n(Li) ~ 2.3 - 2.6 does not allow discerning whether 
a star is 0.5 or 6 Gyr old. The above points are to be kept in 
mind when deriving the properties, age in particular, of stars 
hosting extra-solar planets. On the other hand, the Sun repre- 
sents an exception and is not representative of Li depletion in 
solar-type stars, since it has undergone a larger-than-normal 
depletion. We believe that low Li (a factor greater than 30-50 
depletion) should be regarded as indicative of a peculiar, but 
similar-to-the Sun, evolution. 

5.2. Lithium as a function of stellar mass 

Figure [6] clearly shows that the amount of Li depletion at a 
given T e ff does not depend on the cluster metallicity. The lack 
of any Li-metallicity dependence has already been discussed 
by Sestito & Randich (2005 ) on empirical grounds and by Piau 
et al. (2003 ) on theoretical grounds. The latter study show that 
metallicity variations on the order of 0. 1 dex result in changes 
of both T e ff and temperature at the basis of the convective zone 
(Tbcz); however, the relationship between T e ff and Tbcz, and 
thus the amount of depletion at a given T e ff, remain almost un- 
altered. The inclusion of Be 32 in the open cluster sample and 
the comparison with the Hyades shows that this holds true for 
metallicity differences as large as 0.4-0.5 dex. 

As is well known, however, metallicity does affect stel- 
lar structure: specifically, for a given mass, lower metallici- 
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Fig. 7. Average Li abundance as a function of age for stars in 
the 5750-6050 K interval. Open squares are OCs from Sestito 
and Randich (2005 ), the open triangle represents the average 
for NGC 3960 (Prisinzano & Randich d2007b . while the filled 
circle denotes Be 32. For M 67 the average of the upper and 
lower envelopes are plotted. The Sun is also shown in the fig- 
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Fig. 6. Upper panel: comparison of the distribution of 
log n(Li) as a function of T e ff for unevolved stars in Be 32 
(open circles) and the Hyades (filled circles); lower panel: same 
as upper panel, but Be 32 is compared to M67 (filled triangles) 
and NGC 188 (filled circles). 

ties correspond to higher T e ff. In contrast, for a given effec- 
tive temperature, lower metallicity stars have lower masses and 
stars with the same, close-to solar temperature, do not have 
the same, solar mass, if their metal content is different. In or- 
der to investigate Li depletion as a function of mass, we de- 
rived masses for unevolved stars in Be 32, as well as for the 
Hyades, M 67, and NGC 188 using the Padova isochrones 
(Girardi et al. 2000 -http://pleiadi.pd.astro.it/) and the appro- 
priate metallicities. When needed, we interpolated between dif- 
ferent isochrones. In Fig. [8] we compare Li abundances as a 
function of mass for unevolved stars in Be 32 with the Hyades, 
M 67, and NGC 188 members. The range covered by Pop. II 
stars is also shown. This figure indicates that the distributions 
of the different OCs no longer overlap in the log n(Li)- mass 
diagram as it was instead the case for the log n(Li)-T e tf plane. 
This is due to the fact that Be 32 stars with temperatures close 
to solar are less massive than the Sun, of their counterparts in 
the solar metallicity NGC 188 and M 67, and of their metal- 
rich counterparts in the Hyades. The figure proves that Be 32 
members at all masses have depleted less Li than stars with 
similar mass in the other old OCs; also, focusing on star with 
mass close to solar, the figure shows that NGC 188 members 
and the upper envelope of M 67 have depleted the same Li as 
their more metal-rich Hyades counterparts. In summary, both 
the timescales and the amount of Li depletion are different for 




M/M Sun 



Fig. 8. log n(Li) as a function of mass for Be 32 (open circles), 
the Hyades (asterisks), M 67 (filled triangles), and NGC 188 
(filled circles). The horizontal lines delimits the range covered 
by Pop. II stars considering the lowest and highest values of the 
plateau. 



stars with the same mass and different metallicities. This result 
indicates that, when looking at masses, metallicity affects the 
amount of depletion at a given age. In contrast, we stress again 
that the evolution of star with the same T e ff does not depend 
on [Fe/H] (at least within +0.2 - 0.3 dex from the solar value), 
since more metal-poor and less massive stars, have the same 
internal structure of solar-metallicity, solar-mass ones. 
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Fig. 9. Same as Fig. [7] but a narrower age interval is shown. 
The empirical distribution is compared with the predictions of 
the models by Charbonnel & Talon (12005b . The latter have been 
reconstructed starting from Fig. 2 in that paper. Different curves 
are for different initial rotational velocities (in km/s) as labeled. 
Solid curves correspond to model including waves + rotation, 
while dashed lines denote models including only waves. 



5.4. Pop. I and Pop. II plateaus 

In the previous sections we have definitively shown that stars 
with temperatures similar to the Sun are not necessarily heavily 
Li-depleted like the Sun is; instead, Li abundances of the ma- 
jority of stars converge towards a plateau, whose value, on the 
order of log n(Li)= 2.3 - 2.5, is close (although not identical) 
to that of Pop. II stars. However, the path/masses/timescales are 
different towards virtually this same average value of Li. The 
similarity of the plateau of Pop. I stars to the plateau of the sig- 
nificantly more metal-poor Pop. n is indeed very intriguing and 
should be investigated on theoretical grounds. Figure [8] indeed 
suggests that there might be a sequence between old, solar- 
metallicity OCs and metal-poor less massive Pop. II stars, with 
Be 32 in the middle. This sequence is purely phenomenologi- 
cal and it does not provide insight into the depletion history 
of Pop. II stars or into whether they actually depleted some 
Li or not; nevertheless, it is tempting to interpret it as evidence 
that, whatever the initial Li abundance and whatever the mixing 
mechanism, the final Li abundance is the same for metal-poor 
Pop n stars and more metal-rich ones. Those stars, like the Sun, 
that instead deplete a much larger amount of Li represent an 
exception. 



5.3. Comparison with model predictions 

For a formally correct comparison of the empirical evolution 
of Li with model predictions at a given mass, one should not 
mix data of OCs with significantly different metallicities or, 
alternatively, the appropriate metallicity should be considered. 
However, we believe that the comparison between model pre- 
dictions and empirical evolution in a given temperature range 
can still be performed, since, at least as far as Li is concerned, 
the evolution of stars with similar temperatures, but different 
masses and metallicities is virtually the same. As an example, 
we show again in Fig. [9] the mean Li abundance as a func- 
tion of age (see Fig. an d compare it with the predictions of 
the models by Charbonnel & Talon (2005 ), which include both 
rotational mixing and gravity waves. The figure indicates that 
these models reproduce the observed distribution up to 1 Gyr 
rather well. Also, the models with initial rotational velocity 50- 
80 km/s are in good agreement with the datapoints correspond- 
ing to the lower envelopes of M 67 and with the solar datapoint. 
However, even the model with the lowest initial rotation is not 
able to fit the plateau in Li. In conclusion, while all classes 
of models including extra-mixing processes predict that, once 
they start causing Li depletion, they continue being efficient 
throughout the permanence on the MS, observational evidence 
indicates that this is not the case at all. To our knowledge, none 
of the models proposed so far predicts the convergence of Li 
at old ages. We note that, when comparing model predictions 
with observations, we assumed that all OCs have the same ini- 
tial (meteoritic) Li abundance. The assumption that the initial 
Li is instead higher in young OCs would imply a different nor- 
malization of theory vs. models and a better fit of the very old 
OCs; still, the disagreement between the observed convergence 
and the models, which keep decreasing at old ages, remains. 



6. Conclusions 

We carried out a FLAMES/Giraffe survey of almost 160 candi- 
date members of the old, metal-poor open cluster Be 32, with 
the goals of inferring membership and of studying the Li abun- 
dance pattern. To this aim, we derived radial velocities and Li 
abundances. Slightly more than half of the sample stars are con- 
firmed as cluster members. This is a lower limit, since we may 
have missed some binaries due to the too short time coverage of 
our observations. The Li versus T e ff distribution of unevolved 
members overlaps with that of the slightly older, more metal- 
rich NGC 188, and with the upper envelope of M 67. At vari- 
ance with the last, Be 32 does not show any dispersion in Li. 
The average abundance of stars with solar-like temperature is 
slightly below the Hyades but, within the margins of error, the 
same as for their counterparts in the intermediate age OCs, the 
upper envelope of M 67, and NGC 188. This confirms, on solid 
and statistically significant grounds, that, with exception of Li- 
poor stars like the Sun, Li abundances in solar-like Pop. I stars 
converge towards a plateau value, implying that Li cannot be 
used as an age indicator after about 0.5 Gyr. In addition, the 
plateau of old OCs is close to the plateau value of Pop. II stars. 
To our knowledge, none of the models including extra-mixing 
developed so far predicts the convergence toward a plateau at 
old ages. 

Given their lower metallicity, Be 32 stars with temperature 
close to the Sun are less massive than the Sun. A comparison 
in a log n(Li)-mass diagram shows that these stars have de- 
pleted much less Li than the Hyades with similar mass. Our 
conclusion is that stars with different masses and metallicities, 
but very similar temperatures, converge at old ages to the same 
Li abundance, though following different Li depletion histories. 
This might also be true for halo stars. 
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Table 1. Sample stars. 
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ID 


RA DEC. 
J2000 


Conf. 


Bdbt 


V(B-V) DBT 


V(V-I)dbt 


Idbt 


Vut. 


B-Vkm 


V-Irs 


Vrad 

(Km/s) 


mf 


74 


6 58 05.410 


6 25 40.18 


B 


16.840 


15.846 


15.855 


14.798 


15.862 


0.956 


1.042 


105.4 ±1.5 


m 


77 


6 57 56.856 


6 24 26.47 


B 








— 


15.889 


0.871 


0.910 


— 


7 


84 


6 58 09.005 


6 28 55.83 


A 


16.567 


15.953 


15.948 


15.196 


15.955 


0.598 


0.742 


44.7 ± 2.4 


n 


86 


6 58 05.060 


6 24 59.35 


A 


16.536 


15.987 


15.983 


15.317 


15.972 


0.544 


0.628 


111.5 ± 0.94 


n 


91 


6 58 00.353 


6 27 44.37 


A 


16.745 


15.969 


15.970 


15.082 


16.001 


0.744 


0.883 


33.6 ± 0.14 


n 


97 


6 58 14.083 


6 26 43.18 


A 


16.930 


16.060 


16.060 


15.056 


16.052 


0.872 


0.975 


104.8 ± 0.43 


m 


99 


6 58 00.174 


6 26 39.60 


B 


16.862 


16.073 


16.073 


15.161 


16.069 


0.781 


0.895 


107.1 ± 1.2 


m 


101 


6 58 06.636 


6 24 12.65 


B 


16.938 


16.048 


16.051 


15.059 


16.074 


0.867 


0.980 


34.1 ± 0.9 


n 


106 


6 58 04.028 


6 24 08.09 


A 


16.807 


16.108 


16.108 


15.303 


16.099 


0.717 


0.786 


50.1 ± 0.43 


n 


109 


6 58 18.702 


6 27 03.72 


A 


16.711 


16.049 


16.041 


15.203 


16.106 


0.668 


0.794 


104.2 ± 0.32 


m 


110 


6 57 54.792 


6 28 22.07 


B 


16.698 


16.042 


16.032 


15.183 


16.112 


0.649 


0.828 


106.4 ± 2.2 


m 


111 


6 57 53.981 


6 24 23.93 


B 


16.749 


16.106 


16.102 


15.315 


16.120 


0.620 


0.805 


106.3 ± 2 


m 


117 


6 58 13.277 


6 26 02.88 


B 


16.943 


16.133 


16.136 


15.225 


16.156 


0.766 


0.879 


104.7 + 1.2 


m 


122 


6 58 14.152 


6 29 31.54 


A 


16.992 


16.180 


16.176 


15.199 


16.207 


0.823 


0.955 


105.3 ± 0.25 


m 


127 


6 58 08.191 


6 24 35.48 


A 


16.868 


16.247 


16.243 


15.483 


16.249 


0.603 


0.755 


96.5 ± 1.25 


n 


130 


6 57 56.913 


6 27 16.87 


A 


16.890 


16.260 


16.254 


15.470 


16.267 


0.618 


0.765 


105.0 ± 0.28 


m 


137 


6 58 15.058 


6 26 40.60 


B 


17.335 


16.286 


16.291 


15.136 


16.333 


1.019 


1.108 


49.7 ±1.4 


n 


146 


6 58 03.057 


6 24 31.69 


A 


17.062 


16.441 


16.437 


15.680 


16.414 


0.629 


0.766 


105.2 ± 0.32 


m 


147 


6 58 17.988 


6 29 43.94 


A 


16.961 


16.401 


16.388 


15.612 


16.426 


0.586 


0.744 


96.2 ± 0.59 


n 


148 


6 58 04.879 


6 27 39.04 


A 


17.033 


16.411 


16.406 


15.646 


16.435 


0.588 


0.770 


71.1 ± 0.16 


n 


154 


6 58 16.781 


6 26 11.06 


B 


17.058 


16.459 


16.452 


15.695 


16.481 


0.583 


0.722 


A f\ A C . ^ A 

104.5 ± 2.4 


m 


169 


6 58 07.185 


6 23 48.59 


B 


17.206 


16.626 


16.620 


15.891 


16.613 


0.579 


0.711 


— 


9 


189 


6 57 58.952 


6 26 48.52 


B 


17.458 


16.798 


16.792 


15.970 


16.762 


0.662 


0.803 


105.2 ± 1.4 


m 


193 


6 58 02.247 


6 29 21.35 


A 


17.362 


16.768 


16.759 


15.981 


16.785 


0.605 


0.780 


1 f\ a r\ f\ O A 

104.9 ± 0.84 


m 


202 


6 58 03.561 


6 23 46.77 


B 


17.459 


16.845 


16.838 


16.058 


16.835 


0.617 


0.752 


107.1 ± 3.1 


m 


206 


6 58 14.715 


6 27 02.31 


B 


17.431 


16.814 


16.808 


16.044 


16.844 


0.604 


0.701 


107.1 ± 2 


m 


212 


6 58 12.503 


6 28 33.07 


B 


17.469 


16.873 


16.863 


16.079 


16.879 


0.605 


0.749 


63.3 ± 2.1 


n 


213 


6 58 16.427 


6 23 34.95 


B 


17.450 


16.848 


16.841 


16.072 


16.881 


0.605 


0.760 


103.3 ± 1.9 


m 


216 


6 57 54.890 


6 27 12.27 


A 


17.473 


16.903 


16.888 


16.088 


16.909 


0.570 


0.741 


104.8 ± 1.3 


m 


218 


6 58 04.891 


6 23 31.10 


B 


17.543 


16.944 


16.936 


16.169 


16.929 


0.627 


0.713 


108.6 ± 3.6 


n 


219 


6 58 15.312 
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SS 7 4- 9 7 
JO. / ± z. / 


n 


1 1 ^0 
1 1 JU 


6 58 14.736 


6 31 19.87 


A 
r\ 










1 A ASO 
1 O.t-JU 




7An 
U. /4U 


1 07 1 A 

1U / . J it U.4 


111 


1141 


6 58 20.329 


6 30 36.64 


A 










16.531 




0.693 


105.2 + 0.5 


m 


1144 


6 57 50.902 


6 21 57.44 


A 










16.555 




0.776 


59.5+0.3 


n 


1150 


6 58 10.245 


6 21 06.25 


A 










16.590 




0.774 


106.1+0.8 


m 


1153 


6 58 09.489 


6 21 07.21 


B 










16.629 




0.787 


104.5 + 2.9 


m 


1156 


6 57 51.474 


6 22 38.53 


B 










16.646 




0.775 


106.0 + 2.2 


m 


1161 


6 57 48.933 


6 22 14.65 


B 










16.695 




0.751 


62.2 ± 3.0 


n 


1164 


6 58 25.577 


6 29 39.85 


A 










16.707 




0.711 


95.9 + 0.2 


n 


1179 


6 58 17.498 


6 20 46.12 


B 










16.799 




0.759 


35.4 + 4.4 


n 


1181 


6 57 54.593 


6 21 30.34 


A 










16.809 




0.808 


-15.8 + 1.0 


n 


1187 


6 58 21.059 


6 24 31.50 


A 


17.561 


16.853 


16.851 


16.015 


16.829 




0.814 


34.9 + 0.3 


n 


1195 


6 58 20.695 


6 19 17.52 


B 










16.880 




0.798 


104.4 + 1.7 


m 



Table 1. continued. 
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ID 


RA DEC. 
J2000 


Conf. 


Bdbt 


v \ D v 7DBT 




Idbt 


v., 
v lit. 


l -> v KM 


V-Ir» c 
v A RS 


Vrad 


mf 


1919 


A HA 99Q 
Jo U0. ZZy 


A 9Q /I ^ /in 
Zy 4J.4U 


A 
r\ 


1 7 SS7 

1 / JO/ 


1 A Q79 
10. y / Z 


1 A QAO 


1 A 1 AO 
1 U . 1 H-U 


1 A QSS 

io. yj j 




O SOA 
U.oUO 


1 OA 9 -i- O Q 
iut-.z ± u.y 


ni 


1 998 

iz,z.o 


t ?7 CI A^A 


A 99 AS 1 8 
O Z / 4o. lo 


A R 


1 7 A7C 
1 / .u / J 


1 7 070 


1 7 OS^ 

1 / .UJU 


1 fs 99 '4 

1 U.Z.Z,H- 


1 7 098 

1 / .UZ,0 




776 
u. / / u 


1 OS 1 +08 

1UJ .1 It U.O 


in 


1 9^1 

1Z,J 1 


A ^9 ^7 QfK 


A 1C\ 9A Q^l 

o ju zo.yj 


A R 


1 7 AQA 


1 7 0^0 


1 7 097 


1 ft 997 

1 U.Z.Z, / 


1 7 060 
1 / .uuu 




6Q^ 

U.U" J 


1 OS 8 + 1 4 

1UJ .0 x l.t 


in 


19^8 

lZ,JO 


A ^9 ^ QC 1 
J 1 Jj.oo 1 


A 99 /1Q 9 1 
ZZ 4J.Z1 


A R 










1 7 077 
1 / .u / / 




7^4 

U. / JH- 


Q8 9 4- 1 S 

70. Z. It 1 . J 


n 


1 941 


A S9 S9 7AA 
O J 1 JZ. /40 


A 9A AS QS 
O ZD 4o.yj 


A R 


1 7 Afj7 


17 100 

i / . ivy 


1 7 08^ 
1 / .uo J 


1 6 960 

1 U.Z.UU 


1 7 087 
1 / .uo / 




816 

U.O IU 


1 OS 4 + 6 

1UJ.H- It U.U 


in 


1 94S 


A S£ OS AAO 
O JO Uo.OOU 


A 9 1 11 S9 
O Zl 11 . jZ 


A R 










17 116 
1 / . 1 iu 




769 
U. / uz. 


AO ^ + Q 
h-u.j it \).y 


n 


1 9S0 


A ^.9 /1A ^A^ 
J / 40. JDJ 


A 9Q "}/1 « 1 
O Zj j4.J 1 


A R 










17 14^ 




780 

U. / O" 


f,A 7 + 08 

UH-. / It u.o 


n 


19S7 


Jo UO.olU 


A 9 i s^ 
Zl jU.oj 


A B 










17 179 

1 / . 1 / z, 




78^ 

U. / OJ 


10S 1 + ^ 

1UJ .1 X U.J 




196^ 

1 Z,U J 


£ co 1 1 CAQ 
O JO 1 1.J07 


A 1 HA Q9 

o ji uo.yz 


A R 










17 18^ 

1 / . 1 J 




7Q4 
u. / y<-r 


1 04 4 + 1 S 


ni 


1 96S 

1ZUJ 


A 9^ Q/1G 
JO Zj. o4y 


a 9n nn H9 
o zu uu.uz 


A R 










1 7 9 1 A 
i / .z m- 




O 76^ 
U. /Oj 


A8 Q + 1 9 
Ho.y ± i.z 


n 


1 97Q 

1Z, / 7 


A CO 1 Q QQA 
O Jo ly.oJO 


A 9A AS A^ 
Z4 4o.4J 


A R 


1 7 Q9A 


1 7 98S 

1 / .Z.OJ 


1 7 989 


1 U.J 1 / 


1 7 968 

1 / .Z.UO 




770 
u. / / u 


1 OS 6 + 04 

1UJ.U It U.H- 


in 


1 "300 


a ss 9A 9nn 

Jo Z4.ZUU 


A 9A S9 SA 
ZD JZ. oO 


A 


1 S fH9 


17 ^Q0 

1 / .J77 


17 ^8S 

1 / .JOJ 


1 6 S^O 

1 U. J JU 


17 ^H8 

1 / . J JO 




817 

U.O 1 / 


1 m n + 1 9 

1UJ.U It l.Z 


in 


1 "309 

1 JUZ, 


A 9^1 9QQ 

o jo Zj.zyo 


A 9/1 99 A1 
Z4 ZZ. 01 


A R 


17 Q7/S 
i / .y I v 


17 'MA 


17 ^fiA 
1 / .JUU 


1 f, S88 

1 U. JOO 


17 ^S0 

1 / . JJU 




7Q1 

u. iy i 


70 6 + ^ 
/ y.u it u.j 


n 


1 ^97 


A CO |Q CA/1 

jo iy.J04 


A 9 A /I A QQ 
ZO 40. yy 


A B 


1 Q 1 1 
1 O. 1 1U 


17 ASA 


17 447 


1 6 69Q 


17 41 Q 




74Q 
u. / '-ry 


1 04 Q + 9 

1 UH^ .7 X U . Z, 




1 "3^7 
ijj / 


A 9H 9^Q 
jo ZU.Zjy 


A 99 ^ 1 1 1 
O ZZ jl.jl 


A 


1 S 1 ^0 

1 0. 1 JU 


17 S00 

1 / . JUU 


1 7 4Q0 


1 u.uuu 


1 7 474 




894 

U.OZ,H- 


10S 1 + 1 

1UJ.1 x l.U 


ni 


i ^ao 
i J4u 


A CT CO COQ 
O J / JO.JOJ 


A nc nn 
Zj Uj.j / 


A R 


1 8 1 Al 

lo. 14J 


1 7 AH 
1 / .^f / j 


1 7 AA^ 
1 / .40 J 


1 A SQQ 

iu. jyy 


1 7 A87 
1 / .^fo / 




O 8SQ 
u.ojy 


110 6 + 09 
1 1U.U it U.Z 


n 


1 "344 


A SS 9ft A^S 
Jo ZU.Ojj 


A 90 90 AQ 
O Ly ZU.4V 


A R 


18 910 


17 

1 / . J JO 


17 S97 

1 / . JZ, / 


1 £> 6S9 

1 U.UJZ. 


17 4Q6 




8^0 

U.O JU 


CA 8 + S 

JH-.O It U.J 


n 


1 1A1 
1 J4 / 


A 9^ 1 9^1 
Jo Zj. IZj 


A 9/1 A9 
Z4 jU.OZ 


A R 


18 11^ 
lo. 1 l J 


17 SSQ 

i / . j jy 


17 S4S 

1 / . J4j 


1 a; 7AQ 

io. /oy 


1 7 S 1 A 
1 / . j ih 




O 7^8 
U. / Jo 


8 A + O 7 
— O.H- It U. / 


n 




A CO HA (Y7A 

O jo U0.U/4 


a on cc /io 
ZU JJ.4Z 


A R 










17 S91 

1 / . JZ,1 




8^4 

U.O JH- 


ins 9 + i ^ 

1UJ - Z. It 1 . J 


in 


1 "3S0 


A CC H7 (T71 


a 90 ^ i nn 
o zy j i .uu 


A 
\ 










17 S^4 

1 / . J JH- 




7^S 

U. / J J 


—7 1+08 

/ . 1 x U.O 


n 


1 "3S8 

1 J JO 


A 99 Q^l 
jo ZZ. yjj 


A 9A H9 CA 
Z0 U/.oO 


A R 


1 8 9^9 
1 0.ZJZ 


1 7 S8S 

1 / . JOJ 


1 7 S7^ 

1 / . j / j 


1 A 7^S 
lu. / J J 


1 7 ^AA 
1 / . J04 




O 7Q0 

u. /yu 


SS S + 1 A 
J J. J ± 1.4 


n 


lJJ7 


A CC 1 A "2AQ 
O JO 10. JOJ 


a on 9n 
ZU jU.ZU 


A R 










17 S6S 

1 / . JUJ 




8^8 

U.O JO 


119 9+ 07 

1 1 Z..Z. It U. / 


n 


1 "366 
IJUU 


A ^.9 /1 9 H9^ 
J / 4 / .UZj 


A 9 1 H/1 1.1 
Zl U4.JJ 


A R 










17 SQ0 

1 / .J77 




78^ 

U. / O J 


6 Q + 9 S 

u.y it z..j 


n 


1 "36Q 

1 JU7 


a nn ^qa 
jo UU.jjO 


A 9Q A A fl/1 
Zy 40. U4 


A R 


1 52 1 78 
lo. 1 /o 


1 7 ^78 
1 /. J /o 


1 7 ^AA 


1 A 7A1 
10. /41 


1 7 A1 O 
1 / .OIU 




O S^A 
U.o J4 


Q6 8 + 9 1 

yo.o ± z.j 


n 


1 "376 


A ^9 ^A 1 9Q 
O J / JO. 1ZV 


A 99 9^ 1Q 

o zz zj.jy 


A R 


1 8 90Q 
lo.zuy 


1 7 A^A 
1 / .OJO 


1 7 A!9 1 
1 / .OZ1 


1 a; c i s 

ID.O 1 J 


1 7 AAS 
1 / .04j 




O 78A 
U. / oO 


CC 9 + O 8 
JJ.Z ± U.o 


n 


1 "384 


A 9H 999. 
jo ZU. /Zo 


A 9fl H9 1 1 
ZU U / . 1 1 


A R 










1 7 671 

1 / .U / 1 




871 

U.O / 1 


10S 9 + 7 

1UJ .Z. It u. / 


in 


1 "306 


6 57 57 167 


6 22 05 87 


A R 










1 7 790 
11,1 L,y 




8^7 

U.OJ / 


QA 9+07 

OH-.Z. It u. / 


n 


1 "308 

1 J70 


6 57 51.821 


6 23 45.15 


A R 










1 7 7^0 

1 / . / J7 




800 
u.ouu 


9 9 + a n 


n 


1404 


6 58 16.159 


6 22 39.07 


A,B 


18.456 


17.753 


17.753 


16.945 


17.753 




0.833 


105.2 ± 1.3 


m 


1405 


6 57 58.352 


6 22 07.42 


A,B 


18.387 


17.735 


17.724 


16.864 


17.757 




0.855 


104.6 ± 0.84 


m 


1407 


6 58 00.780 


6 31 46.58 


A,B 










17.776 




0.891 


77.5+0.3 


n 


1410 


6 57 54.497 


6 20 49.36 


A,B 










17.788 




0.857 


53.8 + 3.7 


n 


1421 


6 58 21.122 


6 31 28.66 


A,B 










17.820 




0.864 


41.3 + 2.4 


n 


1429 


6 58 23.617 


6 31 19.37 


A,B 










17.864 




0.833 


106.3 + 1.3 


m 


1433 


6 57 47.116 


6 24 27.06 


A,B 










17.890 




0.906 


61.3 + 0.9 


n 


1438 


6 58 06.609 


6 21 07.58 


A 










17.913 




0.874 


105.9+1.3 


m 


1448 


6 58 18.537 


6 21 09.20 


A,B 










17.943 




0.812 


56.4+1.4 


n 


1453 


6 58 09.106 


6 30 41.55 


A,B 


18.671 


17.977 


17.959 


16.986 


17.955 




0.873 


104.3 ± 0.6 


m 


1457 


6 58 15.196 


6 30 33.37 


A,B 


18.691 


17.966 


17.947 


16.939 


17.962 




0.890 


73.3 + 0.5 


n 
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Table 3. Final results of our analysis. 
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ID 


(B-V)o 


T e fF 

(K) 


EW(Li) 
(mA) 


log n(Li) 


97 


0.730 


5233 


40 ± 10 


1.53 + 0.15 


109 


0.522 


6024 


< 16 


< 1.88 


117 


0.670 


5401 


42 + 6 


1.76 + 0.14 


122 


0.672 


5395 


< 25 


< 1.59 


130 


0.490 


6152 


66 + 7 


2.73 + 0.12 


146 


0.481 


6189 


55+5 


2.66 + 0.11 


154 


0.459 


6282 


58 ± 12 


2.77 + 0.15 


193 


0.454 


6303 


38 + 7 


2.57 ±0.15 


206 


0.477 


6206 


60 + 7 


2.72 ±0.11 


216 


0.430 


6408 


63 ±2 


2.92 ±0.13 


231 


0.466 


6252 


47 ±2 


2.63 ±0.13 


236 


0.560 a 


5878 


48 ±3 


2.31 ±0.15 


241 


0.481 


6189 


57 ±4 


2.68 ±0.14 


265 


0.530 


5992 


76 ±6 


2.67 ±0.10 


271 


0.498 


6119 


59 ±7 


2.64 ±0.12 


276 


0.504 


6095 


51 ±9 


2.54 ±0.13 


277 


0.466 


6252 


47 ±6 


2.63 ±0.10 


278 


0.516 


6047 


57 ±6 


2.56 ±0.12 


288 


0.583 


5793 


53 ±4 


2.28 ±0.10 


289 


0.567 


5852 


43 ±6 


2.23 ±0.12 


299 


0.542 


5946 


65 ±6 


2.54 ±0.11 


311 


0.546 


5931 


58 ±6 


2.46 ±0.12 


313 


0.500 


6111 


60 ±9 


2.64 ±0.13 


314 


0.493 


6140 


59 ±1 


2.66 ±0.16 


315 


0.546 


5931 


74 ±7 


2.60 ±0.11 


316 


0.528 


6000 


83 ± 13 


2.73 ±0.14 


325 


0.533 


5981 


63 ±8 


2.55 ±0.13 


333 


0.540 a 


5954 


60 ± 10 


2.50 ±0.14 


352 


0.528 


6000 


70+11 


2.63 ±0.14 


357 


0.551 


5912 


46 + 7 


2.32 ±0.17 


364 


0.580°'* 


5804 


49 ±7 


2.25 ±0.14 


369 


0.555 


5897 


93 ±4 


2.71 ±0.15 


371 


0.571 


5837 


84 ± 12 


2.59 ±0.14 


374 


0.583 


5793 


50 ± 10 


2.25 ±0.15 


1050 


0.853 


4920 


65 ±5 


1.45 ±0.16 


1070 


0.522 


6024 


25 ±7 


2.12 ±0.25 


1092 


0.473 


6222 


33 ±5 


2.44 ±0.15 


1113 


0.472 


6227 


38 ±3 


2.51 ±0.15 


1121 


0.753 


5233 


< 17 


< 1.82 


1128 


0.450* 


6320 


31 ±6 


2.49 ±0.14 


1130 


0.450* 


6320 


< 20 


< 2.27 


1150 


0.480* 


6193 


55 ±5 


2.56 ±0.12 


1212 


0.475 


6214 


55 ±7 


2.68 ±0.12 


1228 


0.465 


6256 


63 ±4 


2.79 ±0.12 


1231 


0.457 


6290 


56 ±6 


2.76 ±0.11 


1241 


0.530*-* 


5992 


52 ±5 


2.46 ±0.11 


1257 


0.490* 


6152 


53 ±9 


2.61 ±0.12 


1263 


0.490* 


6152 


60 ±7 


2.68 ±0.12 


1279 


0.501 


6107 


61 ± 10 


2.65 ±0.13 


1300 


0.493 


6140 


42 ±6 


2.48 ±0.12 


1327 


0.516 


6047 


37 ± 10 


2.34 ±0.19 


1337 


0.490 


6152 


44 + 5 


2.51 ±0.12 
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Table 3. continued. 



ID 


(B-V)o 


T e ff 


EW(Li) 


log n(Li) 






(K) 


(mA) 




1349 


0.530 6 


5992 


85+9 


2.74 + 0.12 


1384 


0.570 b 


5841 


59 + 6 


2.39 + 0.12 


1405 


0.512 


6063 


65 ± 10 


2.64 + 0.14 


1438 


0.570 h 


5841 


70 ± 12 


2.48 + 0.15 


1453 


0.554 


5900 


49 + 9 


2.34 + 0.15 



a: B-V from Richtler & Sagar (|2000T > 

b: (B-V)o derived from (V-I) (see text) 

*: B-V from D'Orazi et al. available, but not used (see text) 



